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@ Cosmetic composition. 



© A composition suitable for topical application to mammalian skin or hair for inducing, maintaining or 
increasing nair growth comprises: 

(!) a first chemical inhibitor chosen from proteogiycanase inhibitors, glycosamlnogiyosnase inhibitors, 
giycosaminoglycart chain caSoiar uptake inhibitors or mixtures thereof; and 

(ii) a cosmetically acceptable vehicle for the chemical inhibitor; provided that when the first chemical 
inhibitor is a weak inhibitor, such that a imM aqueous solution of the inhibitor reduces proteogiycanase 
activity, giycosaminogiycanase activity or cefiuiar uptake of giycosaminoglycan chains, by from 5 to 50%, in 
accordance with at least one of the assay ;esis as herein described, then there Is also present in the 
£tf composition a second enemies! inhibitor and/or an activity enhancer. When minoxidil is the sole chemical 
inhibitor, then the activity enhancer is a penetration enhancer chosen from a limited number of materials, 
including certain esters and cationic polymers. 
<Nj The total amount of chemical fnhibitcr present in the composition is sufficient to increase hair growth in the 
""J 1 rat. when said composition is appiied topically thereto, by at least 10% more than that obtainable using a centre! 
fN» composition from which the said i • fc rs -ave been omitted 
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COSMETIC COMPOSITION 



FIELD OF THS INVE^ON 

The invention relates to cosmetic and pfiarmaeeuficai compositions lor topical application to mammalian 
s skin or hair, containing an enzyme InMbtor wnich is capa&ie of promoting naif growth, especially terminal | 
hair growth on the human scalp. 



BACKGROUND 

10 

The Hair Srowth Cycle 

ii should be explained that in most mammals, hair does not grew continuously, but undergoes a cycie 
of activity involving alternate periods of growth and rest. The hair growth cycie cart be divided into three 
19 main stages, namely: 

(1) the growth phase known as anagen, during which the hair follicle penetrates deep into me dermis 
with the cells of the bulb dividing rapidly and differentiating to form the hair, 

{«) the transitional stage known as catagen, which is heralded by the cassation oi mitosis, end during 
which the follicle regresses upwards through the dermis and hair growth ceases, 
ac flli) the resting stage known as telogen, in which the regressed follicie contains a smaii secondary 

germ with an underlying bail of tightly packed dermal paoiiia cells. 

The initiation of a new anagen phase is revealed by rapid proliferation in the germ, expansion of me 
dermal papilla and elaboration of basement membrane components. The hair cycle is then repeated many 
times until, as a consequence of the onset of male pattern baldness, most of the hair follicles spend an 
2$ increasing proportion of their time in the telogen stage, and the hairs produced become finer, shorter, and 
less visible; this is known as terminal to veltus transformation. 



PRIOR ART 

30 

Alleged Baldness Cures 

Although there have been many claims in the scientific literature to the promotion or maintenance of 
hair growth by the topical application of hair tonics and the like, with the possible exception of minoxidil, 

ss none has been shown to be sufficiently free from disadvantageous ciinical side effects, whether admin- 
istered topically, orally or systemicaliy, to warrant commercial exploitation as an ethical pharmaceutical, 
proprietary medicine, or as a cosmetic product Possibly, the only means which has met with partial 
success for growing hair on the bald or balding human head is by transplantation of hair to the Paid areas. 
This is, however, an extremely painful operation and is not always successful. Furthermore, it is tmrne- 

4o elateiy apparent to the casual observer that the subject has received a hair transplant and it may take many 
months or even years before hair regrowth, following this operation, assumes an appearance which 
resembles that of the original naturally growing hair. 

Among the many hair regrowth studies that have been reported in the literature, there is included the 
work of Saassno as described in PCT International Publication No. WO 85/04577, This publication describes 

45 a composiliorrwhich Is useful tor increasing the rates of hair growth on mammalian skin, prolonging the 

anagen phase of the hair growth cycle and for treating various types of alopecias. The composition in > 

question comprises a pyrimidine carbamate. : 

it has also been reported in US patent no. 4 139 61 & to Cbidsey assigned to the Upjohn Company, that 
a topical composition comprising minoxidil as the free base or acid addition salt thereof, or certain specified 

so related imlnopyrimidmes, is useful in stimulating the conversion of vellus hair to growth as terminal hair, as 
well as increasing the rate of grow* of terminal hair. 

In spite of the apparent stimulation of hair growth or regrowth reported independently by Bazzano and 
Chidsey, following topical application of rninojddii or related compounds, there is genera! concern that 
systemic side-effects can result, particularly following iopicai application of minoxidil. Thus it is generally 
recognised in the medical literature that the side effects of orally administered minoxidil are very serious, 

a 



and include fluid retention, tachycardia, dyspnea, gynecomastia, fatigue, nausea and cawSotoxfclty. There is 
also evidence that certain side effects nave been experienced following topical application of minoxidil. 

in addition to the alleged bsnefits of employing the pyrimidir.® carbamates of Sazzano or minoxidil of 
Upjohn, many other hair regrowth studies have been reported in the literature. In particular, the work of 

s Meyer si al (1961) in the Proceedings of the Society ©f Experimental and Biological Medicine, 108, 59-61. 
is worthy of mention. Meyer and his co-workers repeatedly injected acid mucopolysaccharides into the skin 
of shaved rabbits and reported observing the initiation of the hair growth cycle with stimulation of hair 
growth which in some instances appeared to be thicker than usual They found that heparan suiphate was 
particularly active, while dermatan sulphate and chondroifin-8-suiphate were also active in this respect, but 

?£> to a lesser extent, 

it has also been reported by Frajdenrajch in gP-A-0 035 919 to include cbondroitin suiphate in a hair 
composition in order to prevent loss and encourage growth of the hair. 

Also, Shansho Seigaku in JA-59/186911 describes a shampoo containing a mucopolysaccharide such 
as chondroftift sulphate. 

is There are also other references, mainly of Japanese origin, which claim the use of chcndroitin sulphate 
in preparations for topical application to human skin, particularly as hair tonics, 

Kohler in OE OLS 24 38 534 reports that D-gfucuronic acid and glucuronic acid ^-lactone {also known 
as g!ucuronr>6,3-iactona) can be applied externally to the skin, together with vitamin C and wafsr, ethanoi or 
aqueous sfhano! as a vehicle, as a scalp care agent. In a particular experiment, Kohler reports rsgrowtri of 

so hair following daily application for six months of a 1% solution of D-glucuronic acid, 

Kohler et al In DE OLS 29 19 100 also claims the use of glucuronic acid or glucuronic acid -y-iadone as 
Inhibitors in agents for inhibiting the activity of ^-glucuronidase, particularly in combination wife vitamin 8* 
Whereas Kohler et a! are concerned with ^-glucuronidase as found in unusually high concentrations in 
healing wounds and cancer tissues, they do state that the. agents aiso have a beneficial effect on the loss of 

as hair. 

In experiments to be described later in this specification, we have found that both glucuronic add and 
glucurono-6,3-factone are weak inhibitors of ^-glucuronidase activity and require the presence of a second 
inhibitor and/or a special activity enhancer, as hereinafter defined, to provide significant hair growth or 
regrowth. The weak inhibition by glucuronic acid in this respect has also been confirmed by Lewy and 
se Snaiih (1972) in "Advances in Enzymoiogy* 36 where, at page 158 thsy state that: 

"Both ^-glucuronidase and ^-glucuronidase are feebly inhibited by glucuronic acid .„* 



35 Background to the invention 

The above review of the most relevant references concerning the alleged promotion of hair growth 
following topical or systemic application of specified molecules, has prompted the study in greater detail, of 
the biological and biochemical mechanisms involved in the control of the hair growth cycle, The reported 

4C- role of the dermal papilla which is situated at the base of the hair follicle, and the closeiy related ceils of the 
connective tissue sheath which surrounds the hair follicle are alleged to be of key importance In governing 
the cyclic behaviour of hair follicles. This has been shown, for example, directly by Oliver R F (1970) J 
Smbryoi Exp fvtorpbof., 23, 219-236, and the changes in the dermal papilla during the hair cycle are 
consistent with these observations. At the end of anagen, there is a sudden loss of fibronectin [Couchman J 

48 H and Gibson W T, {1935} Oev Biol.. 100, 290-298] and metachromatic {giycosaminoglycanj staining 
[Montagna W et al, {1952} Q J Microsc Sci., 93, 241-245] from fh© connective tissue matrix of the derma! 
papilla which then undergoes condensation. 

Conversely, expansion and elaboration of new matrix is associated with the onset of anagen. A direct 

... role of matrix components in stimulating heir growth was suggested by the work of Meyer et al {1981), 

so [supra]. 

it Is accordingly apparent that giycosamincgiycan breakdown is an important early change in catagen, 
and since there is already evidence for a Snfc between the presence of intact glycosaminogiycans and hair 
growth, we have suggested that prevention of proteoglycan and glycosaminoglycan breakdown may lead to 
earlier onset and/or prolongation of anagen. This would effectively retard hair loss and reverse baldness, 
ss When considering the breakdown of glycosaminogiycans, it must be remembered mat these are 
complex polysaccharides built up from alternating hexosamine and uronic acid units. Modification of these 
units by N-and/or 0-sutphation. and by N-acetylatfon provides further scope for diversity, which necessitates 
the concerted, sequential action of a range of enzymes for complete degradation to occur. Furthermore, 
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giycosaminagiycans normally exist in Itie form of a proteoglycan, in which giycosaminogiycan chains am 
attached to a protein cor©. Degradation can therefore occur by the action of proteolytic enzymes 
("proteoglycanases") on the protein core, causing release of intact giycosaminogiycan chains which am 
taken up by cells or removed in the circulation, or by the action of endogiycasidases, exogiycosidasss and 
suiphatssas {"giycosamlnoglycanases") which cieave the giycosamirsoglycan molecule at specific sites, it 
follows that giycosaminogiycan breakdown may be prevented in a number of ways, viz by inhibiting 
proteoglycans^ activity , by blocking cellular uptake or intact giycosaminogiycan chains, and/or by inhibiting 
giycosamlnogiycanase activity. 

We have now identified chemical inhibitors of key enzymes and other cellular events involved 
respectively in the breakdown of proteoglycan or giycosaminogiycan chains, and in the blocking of cellular 
uptake of intact giycosaminogiycan chains. 

it should be explained by "chemicai inhibitor" is meant a substance Stat is physiologically suitable and 
safe for topical application to human skin, and which is capable of inhibiting proteolytic breakdown of the 
proteogtyeans or inhibiting gfyccstdase or sulphatase enzymes involved Irs the breakdown or modification of 
giycosaminogiycan side chains by direct enzyme inhibition or by protecting the substrate so that the 
enzyme does not recognise it, or inhibiting cellular events invoived in the recognition and uptake of 
glyeosamineglycans. 

We have accordingly found that thesa inhibitors wiii indeed stimulate hair growth as predicted on the 
basts of the theory outlined above. 



DEFINITION OP THE INVENTION 

Accordingly, the invention provides a composition suitable for topical application to mammalian skin or 
hair for inducing, maintaining or increasing hair growth which comprises: 

Q a first chemicai inhibitor chosen from protsogiycanase inhibitors, giycosaminogiycanase inhibitors, 
giycosaminogiycan chain cellular uptake inhibitors or mixtures thereof; and 

(it) a cosmetically acceptabie vehicte for the chemicai inhibitor; provided that when the first chemical 
inhibitor is a weak inhibitor, such that a 1mM aqueous solution of the inhibitor reduces proteogiycanase 
activity, gtycosaminogfycanase activity or celiufar uptake of giycosaminogiycan chains, by from S to 50%, in 
accordance with at ieast one of the assay tests as herein described, then there is also present in the 
composition a second chemical inhibitor and-'or an activity enhancer; 

provided also that whan minoxidil is trie sole chemical inhibitor then the activity enhancer is a penetration 
enhancer chosen from: 

Dioctyl adipate 

Dicapryl adipate 

Oiisopropyl adipate 

Oiisopropyl sebacate 

Oifcutyl sebacate 

Diethyl sebacate 

Dimethyl sebacate 

Dioctyl sebacate 

Dlbutyl suberate 

Dioctyl azeiate 

Debenzyi sebacate 

Dibuty! phthaiate 

Dibuty! azeiate 

Ethyl myristate 

Dimethyl azeiate 

Butyl myristste 

Dibuty! succinate 

Didecyi phthaiate 

Decyt olsats 

Ethyl caproate 

Ethyl salicylate 

Ssopropyi paimitate 

Ethyl laurate 

2-ethyl-hexyi petargonate 
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Isopropyi ssostearaie 
Butyl iaurate 
Ssnzy! benaoate 
Butyl benzoate 
Hexyf iaurate 
Ethyl eapraie 
Ethyl capryisie 
Butyl stearate 
Seozyi saiicyiate 
2-h.ydroxypropanoic acid 
2-nyroxyoctancic acid, 
esters of pyrogiutamtc acid having the structure: 



where R is & to C33 aikyl, or- C H COOP* 

and where R'and R* are the same or different and are each representee 1 by H or the grouping: 

HCHjK,,{CH g OH) vl {CHi)w,(CH3CH s ) il .(CH»CH)J. (2) 

where 

u is sefo or 1 

v is zero, or the integer 1 or 2, 

w is zero, or an integer of from 1 to 21 

x is aero, or an integer of from 1 to 4, 
so y is zero, or the integer 1 or 2, 

z is zero, or an integer of f rom 1 to 22, and 

u + v + w + x + y + z is an integer of from 1 to 22; 
provided that when the subgrouping (CH = CH) is present, then the total number of carbon atoms in said 
grouping is from 10 to 22; and/or 
as a cattaoic polymer chosen from: 

Guar Hytiroxypmpyttrimoniufn chloride 

Quatemium-19 

Quaternium-23 

Quaternium-40 

48 Quaternium-57 
Poly(dipropyidiailySammortiU!Ti chloride) 
Poiy{methyi>i3-propar(fodiailylammonium chloride) 
Po i y (di sii y i pi per dinitmri ch ioride) 

Polyvinyl pyddinium chloride) 

49 Quaterntsed poiy (vinyl ateohoi) and 
Quatemisad pofy-fdimeihylaminoethyimethacrylate); 

{he totaf amount of chemical inhibitor present in trig composition being sufficient to increase hair growth in 
the rat, when said composition is applied topically thereto, by at least 10% more than that obtainable using 
a control composition from which She said inhibitors have been omitted. 



DISCLOSURE OF THE INVENTION 

THE CHEMiOAl INHIBITOR 

As has already been stated, a "chemieai inhibitor 0 Js a substance which is net only physiologically 
suitable and safe for topical application to skin, but which is capable of inhibiting in some way prot- 
eoglycanase activity, and/or gfycosamirtoglycanase activity and/or cellular uptake of giycoaaminoglycan 
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chains. 

It Is preferred that the chemiea! inhibitor is one which is significantly effective in at least one of these 
respects, that is, it is a strong inhibitor which Is normally capable at a concentration of imU of reducing 
said activity or cellular uptake by more than 90%. For less effective inhibitors, is., weak inhibitors, which are 
only capable, at this concentration, of reducing said activity or cellular uptake by from 5 to 50%, then it is 
necessary to include in the composition according to the invention a second chemical inhibitor and/or an 
activity enhancer. 

In view of the complexity of the proteoglycan and glycosaminogiycan chain which can ba degraded in 
different ways with & variety of enzymes, it is necessary to screen a potential chemical inhibitor in,at Seast 
one of several different assay systems. Suitable assays which can be employed for endogiycosidases, 
exoglyeosidases, suiphatases, suiphamatassa are described in "lyscscmes - A laboratory Handbook", 
Second Edition (1977) edited by J.T. Dingle. Proteogiycanase inhibitors may be conveniently assayed by 
the method described by Nagase & Woessner (1980) in Analyst Biccbem. 107 385, Cellular uptake 
inhibition may be assessed by using radioactive Ey labelled giycosaminoglycans according to the method 
described by Esfciid W. et a!.., {1 988) in int. J. Siochem, 18, 647, 

Suitable assay methods for each oi the relevant enzymes and their inhibition by chemical inhibitors will 
be described and Illustrated later in this specification. 



The Proteogiycanase inhibitors 

According to one embodiment oi the invention, the composition comprises a direct proteogiycanase 
inhibitor, that is a substance which will suppress the activity of proteinase enzymes present in or in the 
region of the dermal papilla, and/or the connective tissue sheath ol the hair follicle. 

An example of a direct proteogiycanase inhibitor of this type is 1 ,10phenanlhroline, also identified by 
Gateway et a!, (1983) in Bioehem. J. 209, 741-742, as a bone proteogiycanase inhibitor. 
Further examples of direct proteogiycanase inhibitors include various thiol, carboxyaikyl and hydroxamic 
peptide inhibitors, such as those described by Caputo et at.. (1987) in Biochemical Pharmacology 36, 995- 
10Q2 as effective inhibitors of the action of a metaHoproteinase on proteoglycan core protein. These 
inhibitors include: 
Thiols, such as 

AcetyiPhe-ieuSK 

AcetylSer-LeuSH 

AcetylTrp-LeuSH 

AcetylPhe-Fhe-leuSH 

HSCHjCH{i-8uiyi)C0PheNHz 

HSCHaCH{i-Sutyi)COLeu-PheNHj 

AcetytTrp-ileSH 

AcetyiPhe-iteSH 
Carboxylic acids, such as 

HOOCCH<i-8utyl}leu-Uu-leuOCHs 

HGOCCHt>Butyi}Leu-Uu-AiaNH 2 

HOOCCH(i-Butyi)Leu-Leu-PheNH 2 

HOOCCH(i-ButyOLau-L3u-Leu-A;aNH 2 
Hydroxamic acids, such as 

HONHCOCH s CH(n-Psnty!}CCLeu-PheNHj 

HOHHCOCl-l 2 CH{n-Pentyi}COLe^AlaNHs 

HONHCOGH 2 CH{i-Butyi}COLeu-PheNHt 

HONHCOCKsCH<oPantyl)COVal*Aiaf»te 

According to a further embodiment of the invention, the composition can comprise an indirect 
proteogiycanase inhibitor, that is a substance which modifies the proteoglycan substrate so that the 
proteogiycanase does not recognise it. An example of art indirect proteogiycanase inhibitor of this type is 
the class of compounds defined as cationic oligomers. 

According to this embodiment of the invention, there is provided a composition which comprises one or 
mors oligomertc molecules containing one or more caBonic groups which wiii bind to negatively charged 
aniorie proteoglycan molecuies and protect them from enzymic attack, Preferred cationic oligomers may be 
chosen from those which are rich in arglrsine andfor lysine, containing up to 20. preferably 5 to 10 amino 
acids in sequences similar to or the same as those found in naturally occurring basic proteins such as 
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protamines and histonas. 

Specific examples 3? jationfc oligomers are; 

Arg-Arg-Arg, 

Gys-Arg-Arg-Arg-lys-ArQ-Arg, 

Pro-Arg-Arg-Arg-Afg,afid 

Arg-Pro-Vai-Arg-Arg-Arg-Arg-Arg-Pra-Vai. 

T he Glycosarninogtvcartasa Inhibitor s 

According to a further embodiment erf the invention, the composition comprises a 
giycosaminogiycanase inhibitor chosen from endegiycosidase inhibitors, exogiyecsidase inhibitors, sui- 
phatas© inhibitors, suiphamatase inhibitors and mixtures thereof 

Examples of these enzyme inhibitors, together with the relevant enzymes whose activity they inhibit, can be 
classified as foSiows;- 

Chemicai Class Enzyme (s 3 Inhibited 

la) Anions 
(as soluble metal or 
ammonium salts) 

{ idurono-sulphate 

sulphatase 
( sulphatase* A and B; 
( heparin suiphamatase 
( N-acetylglucosamine-6 
-sulphate sulphatase 

{ sulphatase A? 
( heparin suiphamatase 

{ sulphatase A? 
{ chondroi tin- 6 -sulphatase ; 
( heparin sulphamatase 

{ sulphatase A; 
t heparin sulphamatase 
- heparin sulphamatase 

( sulphatase By 
{ chondroitin- 6 -sulphatase 



sulphate 

sulphite 
pyrophosphate 

fluoride 

borate 

chloride 



gluconate 



- sulphatase B 
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Of the above anion inhibitors of sulphatase A or 8» particularly preferred examples are sulphate and 
gluconate, especially in the form of magnesium sulphate and zinc gluconate respeetivefy. 

s (b) Aktonoiactones and esterifted aidcnciactone s having the structure: 




where A 1 and A 6 are -H, -CHs, 

- 6 0 or - 6 « 0 

8 Is OR* or a lactone linkage to position 1 or 3, or -NHCOCHj 

and where R is -H or & to Cs alkyf, 

R' is the remainder of the molecule joined through another C atom at positions 2 to 5 to form a lactone, 
R" Is -H or Ca (te acetyl) to & acyl of either configuration with respect to the backbone of this molecule- 

Preferred examples of aldonoiactones which inhibit the exogiyeosfdases, as specified, are as follows: 



40 



4$ 
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L-Galactono-1 , 4 -lactone 

L-Ar abino-l , 5-lactone 
B-Fucono-I , 5-lactone 
D-Glucaro-1 , 4 -lactone 

D~Glucurono-6 , 3-lactone 
Galactaric acid lactone 



(I -g&lactosidase 
fi -H-acetyihexosarain- 
idase 

^-galactosidase 

fi -galactosidase 

C> -glucuronidase 
< -L-iduronidase 

/S -glucuronidase 

A -glucuronidase 
«* -L-iduronidase 



2-Acetamido-2-deoxygluconolactone /* -N-acety Ihexosamin- 

idase 



2 -Ac e t ami do- 2 -de oxy ga lac tono- 
lactone 



D-Glucaro-1 ,4:6, 3-dilactone 



i-Idaro-1 , 4 -lactone 



(i -N-acetylhexosamin- 
idase 

/* -glucuronidase 
ot -L-iduxonidase 

# -L-iduronidase 



Preferred examples of ©stsrified fcrrns of afdonoiacfones wtiich give a mora sustained inhibitory effect are: 



2,3, 5~?jri-0-acetyl-D-glucaro-l , (% -glucuronidase 

4 -lactone o£ -L-iduronidase 

2 , 5-Di-O-acetyl-D-glucaro-l ,4: (1 -glucuronidase 

6 , 3-dilactone ot -L-iduronidase 
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{c) Monosaccharides ano esienfted mooossceharides having the structure: 



«C> OR 

- C 4 OR 

I. 

- C OR 



where A is -OR or -NHCOCH3 

R is *H, -SOaM, Cj (is acetyl) to C* acyi 

R' is -H of -OB 

M is -H or a metal cation. 



Functional groups can be in either configuration with respect to the backbone of the above molecule. 
Preferred examples of monosaccharides and esters thereof which inhibit exoglycosidases or 3 sul- 
phatase, as specified, are as follows: 



Monosaccharide / esters 

N-Acetylglucosamine 

^-Acetylgalactosamine 

B-Galactosaroine 
D-Glucos amine- 3 -sulphate 
W- Ace fcylmanno s amine 



Enzymes (s) inhibited 

{ <* -N-acetylglucasaminidase 

{ f} -gal&ctosidase 

( (i -N-acetylhexosaminidase 

( ft -galactosidase 

{ p -N-acety Hexosaminidase 

/* -H-acetylhexosamini&ase 

Sulphatase 'B 1 

at -K-acetyiglucosairdnidase 
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(d) pipsridines having the structure: 




? 

A Is ♦H, -OR' Or-O OR 

R is -H, Cz to Cs alky! or diamino-pyrimidine N-oxida 

R' is -H or Cj (ie acetyl) to C* acyi; 
substitusm groups A can be idenscal or can be ^presented by 2 or 3 of the groups defined above an the 
same ring structures. They can also be in either conflguraiic-r! with respect: to the plane of the ring. 

Preferred exsmpfes of piperidines which inhibit exoglycosidases, as specified, ate as follows: 

Minoxidil which inhibits the enzyme ^-glucuronidase and 

a(S)-Carboxy-3(R},4{R),5{S}-trihyc!roxypipertdfr>e which inhibit the enzymes ^-glucuronidase and «-L- 
tdufonldase. 



(e) examples of substances which inhibit the activity of the antiogjycosidase hyaiuronate art* 
dogiycosidamlnidase are: 



Phosphorylated hesperidin 
sodium aurothiomaiate 

substituted thiosemicarbasone indcies, and mixtures thereof. 



The giycosamloagiycan c h ain eoiluisr uptake inhibitors 

, According to a further embodiment of the invention, the composition comprises an inhibitor of cetiuiar 
uptake of giycosaminoglycan chains which prevents recognition and binding events at the celt surface by 
competing with giycosaminoglycan chains, or by modification of the chains so that they are no longer 
recognised by the eel!. 

An example of this class of Inhibitors is given by hexuronic acid and asters thereof which may be 
represented by the generic structure: 



6S 
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CTHO 

I, 

H G 2 - OR 



10 




H <T OR 



H C 3 OR 

?s J 

C 6 0 2 R' 

sg where 

R is »H, -SQjM, Gj (ie acetyl) to C< aeyl; 
H' 5s -H or Ci to C$ alky!. 

Functional groups caff be in either configuration with respect to the backbone ef the above molecule. 

Preferred inhibitors belonging to this class are glucuronic acid, iriuronic acid and esters thereof. 
?g The total amount or chemical Inhibitor present in the composition according to the invention is sufficient 
to increase hair growth in the rat. the mode! selected for this test, whan said composition is applied topically 
thereto, by at least 10% more than that obtainable using a control composition from which the said 
inhibitors have been omitted. 

Preferably! the amount of chemical inhibitor should be sufficient to increase hair growth in the rat by at 
m least 20%. more preferably by at least 30%, most preferably by ai least 40% and ideaiiy by at least 50%. 

Ths sufficient amount will depend on tine effectiveness of a chemical inhibitor, some being more 
effective than others, but in general, an amount of from 0.0001 to 09%. preferably from 0.1 to 20% by 
weight of the composition will provide an adequate doss to the skin after topical application. 



Compositions containing minoxidil 

Minoxidil is a weak inhibitor of ^-glucuronidase activity and accordingly, when minoxidil is present in 
the composition, then there is also present a second chemical inhibitor and/or an activity enhancer. 
Particularly preferred mixtures of minoxidil and a second chemical inhibitor include the following: 

Minoxidil and Zinc gluconate 

Minoxidil and Magnesium sulphate 

Minoxidil and D-gtucarc-1 ,4-iactone 

Minoxidil and 1 .1 0-phenanthroline 

Minoxidil and D-glueosamine-S-sulphate 

Minoxidil and t-idaro-1 ,4-iactone 

Minoxidil and l*gaiack>rto-1 ,4-lactone 

Minoxidil and 2-acotamfdO-2-deoxygluconoiactone 

Minoxidil and D-giucaro-1 ,4',6,3-diiactone 

Minoxidil and S,3,54n-0-acetyi-D-g!ucaro-1,4-lactone 

Minoxidil and N-aeetylglucosamine 

Minoxidil and N-acetylmannosamine 

Minoxidil and phesphory-Sated hesperfdirt 

Minoxidil and glucuronic acid 

When minoxidil is the sole chemical inhibitor present in the composition according to the invention, then 
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a special condition on its use in accordance with tie invention prevails in that the activity ennancer which 
must accompany minoxidil, preferably in m amount sufficient to enhance significantly the hair growth 
activity of minoxidil, in the composition, is chosen from a limited selection of materials, referred to in detail 
later In this specification, namely certain penetration enhancers and certain cationlc polymers. 



Th e Vehicie 

The composition according to the invention also comprises a solid, semi-solid or liquid cosmetically 
w and/or physiologically acceptable vehicie. to enable the inhibitor to be conveyed to the skin at an 
appropriate dilution. The nature of the vehicle will depend upon the method chosen for topical administra- 
tion of the composition. The vehicle can itself be inert or it can possess physiological or pharmaceutical 
benefits of its own. 

The selection of a vehicle for this purpose presents s wide range of possibilities depending on the 

js required product form of the composition. Suitable vehicles can be classified as described hereinafter. 

it should be explained that vehicles are substances which can act as diluents, dispersants, or solvents 
for the chemical inhibitors which therefore ensure that they can be applied to and distributed evenly over 
the hair and/or scalp at an appropriate concentration. The vehicle is preferably one which can aid 
penetration o; the inhibitors into the skin to reach the Immediate environment of the hair follcte. 

ao Compositions according to this invention can include water as a vehicie, and/or at least one cosmetically 
acceptable vehicle ether titan water. 

Vehicles other than water that can be used in compositions according to' the invention can include 
solids or liquids such as emollients, solvents, humectanis, thickeners and powders. Exampies of each of 
these typos of vehicles, which can be used singly or as mixtures of one or more vehicles, are as follows: 

25 Emollients, such ss stearyt alcohol, glyceryl monoricinoleate, glyceryl mortostoarate, propan&~1,2-dial, 
butane-1,3-diol, mink oil, cetyi alcohol, ispropyl isosiearaie, stearic add, iscburyi palmitate, isocetyl stoarata, 
oieyi alcohol, isopropyl laurate, hexyi laursle, decyl olsate, octadecan-2-ol, isocetyl alcohol, cetyl paimltate, 
dlmethyipoiystkJxane, di-n-butyl sebacata, Isopropyl myristate, isoprcpyi palmitate, isopropyl stearato, butyl 
stearate, pofytftyiene glycol, triethylene glycol, lanolin, sesame oil, coconut oil, arachis oil, castor oil, 

so acetyiated lanolin alcohols, petroleum, mineral oil. butyl myristate, isostearic acid, palmitic acid, isopropyl 
linoleate, iaury! lactate, myrlstyl lactate, decyl oleafe, myristyi myristato; 

Propellants, such as trichforofluoromethano, dichiorodiftuoromethane, dichtarotetrafluoroethane, monoch- 
lorodtfluoromethane, trlcbtcrotrifiucroethane, propane, butane, isobutane, dimethyl other, carbon dioxide, 
nitrous oxide; 

35 Solvents, such as ethyl alcohol, methylene chloride, isopropanof, castor oil, ethylene glycol monoethyl 
ether, dlethylene glycol monobutyl ether, diethyfene glycol monoethyl ether, dimethyl suiphoxide. dimethyl' 
form amide, tetrahydrofuran; 

Humectanis, such as glycerin, sorbitol, sodium a-pyrroiicone-S-carboxylate. soluble collagen, dibutyi 
phtrsaiate, gelatin; 

40 Powders, such as chalk, talc, fullers earth, kaolin, starch, gums, colloidal silicon dioxide, sodium 

eoiyacryfate, tetra alkyl and/or trialkyi ary! ammonium smectites, chemically modified magnesium aluminium 
silicate, organically modified montroodllonite clay, hydrated aluminium silicate, fumed silica, carboxyvinyt 
polymer, sodium carboxymethyl cellulose, ethylene giycoi monostearate. 

Tho amount of vehicle in the composition, including water if present, should preferably be sufficient to 

46 carry at least a portion of a selected chemical inhibitor to the skin in an amount which is sufficient 
effectively to enhance hair grow*. The amount of the vehicle can comprise tho balance of the composition, 
particularly where little or no other ingredients are present in the composition. Accordingly, the vehicie or 
vehicles can comprise from 1 to 93.99%. preferably from 5Q to 99.5% and ideally from 90 to 99% by 
weight of the composition. 

S3 

Perfume 

The composition according to the invention can also optionally comprise a perfume in an amount 
55 sufficient to make the composition acceptable to the consumer and pleasant to use. Usually, the perfume 
will form from 0,01 » 10% by weight of the composition. 
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A represents a functional group such as an acid or -COORi, where Rt represents -H or a & to G* alkyi 
radical, especially methyl; or a metal, especially an alkali metai; 

estenfted oligosaccharides as descrtoed -n Unilever in EP-A-0 211 StO. including at least one esterified 
disaccharide unit consisting of a uronic acid residue having the structure: 




and a hexosamins residue having the structure; 



so 




where 

R' is -H, Cj to Csj alkyl or 

30 COOR" 

-CH(CE 2 ) n CH 3 

R* is -M, Ci to C* alkyi, -GO(Cr^ m CH3. -SCsM, 
35 R"is-H,"CO(CH2) m CHsor-S03M, 
M is -H, or a metallic or organic cation 
n is 0 or en integer of from 1 to 7, and 
m is 0 or the integer 1 or 2; 

the groups designated R* being the same cr different, one R* group from each pyranosa ring structure 
40 being inked by a giycosidic linkage having ihe configuration «-t,3, a-i,4, $-1,3 or 5-1,4; and the -COOR'. 
-CHsOR" and -OR' groups being of either configuration with respect to the pyranose rings; 

Minoxidil giucurcnides, as described by Unilever in HP-0 242 987, 
Minoxidil sulphates, as described by The Upjohn Co. irt WO 86/04231. 



(b? Penetration Enhancers 

As fias been slated earlier, the presence of a penetration enhancer can potentiate the benefit of the 
58 cnsmicai inhibitor, by improving its delivery through the stratum corneum to its sits of action in the 
immediate environment of She hair follicle close to the dermal papilla 

The penetration enhancer can accordingly function in a variety of ways, it can for example, improve the 
distribution of the hair growth promoter on the skin surface or, it can increase its partition into the skin from 
the composition when applied topically, so aiding its passage to its site of action. Other mechanisms 
55 enhancing the benefit cf the ciemicai 'nhibitor may also bo involved. Examples of penetration ennancers 
include: 

2-methyi propan-2-oi 
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Propart-2-o! 

ethyl-2-hydroxyptopanoate 
Hexan-2.6*diol 
POECS) etbyi ether 
s Di{2*hycircayprDpyi> ether 
Fentan-2,4-dk)l 
Acetone 

P0E(2) matfiyl ether 

2-hydroxypropionic acid 
io 2-hydroxycctanoic acid 

ProparH-ot 

1,4 Oloxarte 

Tetrahydrofuran 

ButsuH^dfol 
?s Propylene giyco! dipefargcnats 

Poiyoxy propylene 15 stesryl sther 

Qctyl alcohoi 

POS ester of ofeyi alcohol 

Oteyf alcohoi 
23 lauryl alcohol 

Osoch/I adipate 

Dicapryl adipate 

Ditsopropyi adipate 

Olisoprcpys sebacate 
as Ditxityt sebacate 

Diethyl sebacate 

Dimethyl sebacate 

Dioctyl sebacate 

Dibutyl suberate 
M Dioctyl. assiate 

Qebertzyl sebacate 

Dibutyl phthaiats 

Dibutyi azelate 

Ethyl myrt$tate 
ss Dimethyl azeiate 

Butyl myristaie 

Dibutyi succinate 

Didecyl phihaiate 

Decyi oisate 
<w Ethy! caproate 

Eihyl salicylate 

Iscpropyl paSmitate 

Ethyl laurate 

2-ethyi-rtexyi petafgonate 
4S isopropyl isostsarat© 
Butyl iaurate 

Benzyl berszoafe ' • : . 

Butyi benzoate * . ■ ■ . 

Hexyi Iaurate 
so Ethyl caprate 

Ethyl caprylate 

Butyi tfaarats 

Benzyl salicylate 

g-hydroxyproparjoic acid 
ss 24iyraxyoetanok acid, 

Yet further penetration enhancers include esters of pyreglutamie acid having the structure:- 
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(1) 



H 



where R is C< to Cm alfcyi, or- CHCOGR' 

and where R* and H* are the same cr different and are each represented by H or the grouoirtg: 

[{Ch^(CKWH^<CH^{CHCHi^(CH»CHfcj. (2) 

where 

u is mm or 1 

v is sero, or the integer 1 or 2, 

w is aero, or an integer of from 1 to 21 

x is zero, or an integer of from 1 to 4, 

y is zero, or the integer 1 or 2, 

z is zero , or an integer of from 1 to 22, and 

if + v + w + x + y + ziaan integer of from 1 to 22; 
provided that when the subgroupiog <CH =CH) is present, then the total number of carbon atoms in said 
grouping is from 10 to 22. 

Sxampies of suitable asters of pyrogiutamic acid where R in structure (t) is C> to C» alky! are: 

pyrogiutamic acid methyi ester 

pyrogiutamic acid ethyl ester 

pyrogiutamic acid rt-propyi ester 

pyrogiutamic acid rt-feutyl ester 

pyrogiutamic acid n-rteptyi ester 

pyrogiutamic acid rt-octyi ester 

pyrogiutamic acid rs-norsyi ester 

pyrogiutamic acid rvdeeyl ester 

pyrogiutamic acid rt-undecyl ester 

pyrogiutamic acid rt-dodecyl aster 

pyrogiutamic acid rHridecy! ester 

pyrogiutamic acid n-tetradcy! ester 

pyrogiutamic acid n-hexadecyi ester 

pyrogiutamic acid n-octadecy! ester 

pyroglutamfc acid rt-etcosyl ester 

pyrogiutamic acid iso-propyi ester 

pyrogiutamic acid 2-methyihexyl ester 

pyrogiutamic acid 2«ethylhexy! ester 

pyrogiutamic acid 3,7-dimethytoctyi ester 

pyrogiutamic acid 2-bexyldecyi ester 

pyrogiutamic acid 2-ocryidodecyi ester 

pyrogiutamic acid 2,4,4-trimetyM-pentane ester 

pyrogiutamic acid rnethyloctyS ester 

Particuiariy preferred esters of this group are those where R in structure [1) is & to Cm alkyl, {iinear or 
branched), especiaily Ci io d (linear or branched}. 

Further examples of preferred esters of pyrogiutamic acid, where R in structure (t) is 



are those where W and/or R" having the structure shown for grouping (2), include straight and branched 
chain, saturated or unsaturated aliphatic groups having from 1 to 22 carbon atoms, such as the alky! 
groups: 



r 



-CHC00R" , 



rnethy! 
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ethyl 
propyl 
isopropyl 
butyl 
iso-butyi 
n-vaieryi . 
sso-vateryi 
n-caprayi 
n-heptyl 
n-caprylyi 
n-capryl 
lauryt 
myristyi 
pataftyi 
stearyi, and 
arachidyL 
and the C«« aikenyl groups: 
itnoleyi 
itnelenyl 
7 -llr>oie«yl 
araehdonyi, and 
columhiriyl. 

Further examples of the grouping (2) also include hydroxyaikyi groups having from 1 to 22 carbon 
atoms, such as: 
hydroxymeihyi 

2- hydroxyethyi 
a-hydroxy-n-propyl 

3- hydmxy-n-propyl 

2- hydroxy-rs-ouiyi 

3- hydroxy-n-buty! 

4- hydroxy-n-butyl 

5- hydroxy-rt-vateryl 
$-hydroxy*ri-caprayS 
2,3-dihydroxy-n-pfOpyl 
2,3-dihydroxy-ft-butyi 
12-nydraxystearyl. 

It is to be understood that the above list is not exhaustive, there being many other examples of alky! or 
substituted alfcyt groups expressed by the above gsneric grouping (2). 

Further specific examples of esters of pyroglutamic acid which are particularly suited to use as 
penetration enhancers are 

2-£pyrog!utamoyloxy]-prop!cnfc acid 

methyS-2-{pyrogiutamoySoxy>acstat9 

ethyl-2-[pyroglutamoyfoxy]-tvpropionate 

ethyl-2-tpyroglutamoyioxy]-ft-butyrate 

ethyS-2-Epyroglutamoyloxy3-(SO-butyrate 

ethyS-2HpyrQg!ufarnoy!oxyj-o-valerate . . 

ethyi-2-{pyTOg:lufamayJoxy3-n-caproatQ 

etbyi-2-Cpyfogiutsmoyioxy]-n-hepty!ste ■ - . 

ethy f-2-tpyrog juts moy ioxy 3 -n-capryJate 

ethyf-a-fpyrogiutamoyfoxyj-n-pelsrgonate ■ _ . 

ethyt-2-[pytogkrtamoyk»<y]-3-hydroxybutyr8to 

!so~propyi-2-[pyroglutarncytoxy]-n-prcpionafe 

iSQ-pfopyi-S-fpyroglutamcylaxyj-svcapryiate 

n-propyl-a^pyrogiutamoyloxyi-n-proptortate 

n-propyS-2-[pyrogiutamoyioxy>n-caprytate 

stearyl-2-{pyrogiutamoyk>xy}-n-propionate 

12-hydro>^stearyl-2-tpyfogiutamoy!oxy3-f!-propionate 

stearyf-2-Cpyrcgiy!amGyfoxy3~n-stQarate 
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pa(mityl-24pyrogiutamoyioxy r ]'n*propfC!nat© 
ftro'evl-2-[p\rcr; > - j-n-propionate 

!tnQlayS-2-fpyre^lut&moyloxyj-f}-c&prySate 
<i , -j ! yioy-n-caprylate 

g stearyhS-fpyrogfufanioyioxyfn-capryiats 

glyceryl mono^-fpyrogiutamoytoxyl-n-propionMe) 
glyceryl mono(2-i:pyrogfutafrtoyloxyS-n-eapfylats) and 
glyceryl di(2-fpyrogiutampyjoxy}-n-propionate}. 

It is to be understood that the above lists of specific examplss of esters of pyroglutamic acid are not 
to exhaustive, tnera being many other examples expressed by the generic structure of these esters. 
Further examples of penetration enhancers incfudet- 

Oimethyi sulphcxide 

N,N*Dimsthyl aeetamide 
rs N,N-DimethyS formsmide 

2-Pyrro!idone 

i -ivtethyt-2-pyrroiidone 

S-Methyi-a-pyrrolidone 

1 ,5«Dimetby!-2»pyrrolidon8 
so 1 -Eihyi-2-pyrroiidone 

Phosphlne oxides 

Sugar esters 

Tstrahydrofurfurai alcohol 
Urea 

25 Oisthyi-m-foiuamtde, and 

1 -Oddecy iazacy ioheptan-2*on8 

Further examples of penetration enhancers include surface active agents, preferred examples of which 
Include: 

30 (i) Anionic surface active agents, such as metallic or alkanciamine salts of fatty acids for example 

sodium laurate and triethanoiamine cleats; 

alky! benzene suiphonates, for example triethanolamine ctodecyl benzene sulphonate; 

aikyi sulphates, for example sodium lauryi sulphate; 

aikyl ether sulphates, for example sodium iauryl ether sulphate [2 to 8 EO];. 
36 sulphosueclnates, for example sodium dioctyi suiphonsuecinate; 

monoglyceride sulphates, for example sodium giycsryi monostearate monosutphate; 

isethionates, for example sodium tsethionate 

; methyl taurldes, for example igepon T; 

acyisarcosirtates, for example sodium myrlstyl sarcostnate; 
40 acyi peptides, for example Maypcns and uamepons; 

aoyi lactylates, 

pslyaikoxylated ether giycollates, for example trideceth*7 carboxyiic acid; 
phosphates, for example sodium dilauryi phosphate. 

{11} Catfonic surface active agents, such as amine salts, for example sapamin hydrochloride; 
45 quartensry ammonium salts, for example Quatsrnium 5, Quatemium 31 and Quatamium 18; 

{ill} Amphoteric suface active agents, such as imidazoi compounds, for example Miranoi; 
N-a!kyl amino acids, such as sodium eocaminopropionate and asparagine derivatives; 
betalnes, for example coceamidopfopyffosfaine 

(iv) Menionic surface active agents, such as fatty acid alkanolamides, for example oleic eiftanolarntde; 
«s esters of pciyaicohols, for example Span; 

polyglycerol asters, for example that astetified with Ctna fatty acids and one or several OH groups; 
polysiksxyiated derivatives, for example poiyoxy:potyo,xyewy!ene stearale, and cctyiphencxy poiyethox- 
yathano! (TRITON X-1C0); 
ethers, for example poiyoxyethylene fauryl ether; 
ss ester ethers, for example Tween; 

amine oxides, for example coconut and dodecyl dimethyl amine oxides. 

Mixtures of two or more of the above surface active agents car, be employed in the composition 
according to the invention. 
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(c) oationic ociymers chosen from: 

Guar Hydroxypropyitrtmorsium chloride 
Qoatsrnium-tS 
5 Guatemium-23 
Guaiernium-40 
Ckatemium-57 

Po!y{dipropyidis!!ylammonium ehioride) 
Po^/^methyl-^iJropanfodiaiiySammoniamchiorsde) 
jo Pofy{diaifylpfpsrid1oturri chloride} 
Polyvinyl pyridinium chloride) 
Quatemised poly {vinyl aicoho!) 
Quatemised poly {dimethyiaminosihylmethacryiate}; and 
mixtures thereof 

8 is to be understood that even when a strong chemical inhibitor is employed, then it is also deslrabie, 
though not essentia!, to incorporate an activity enhancer in the composition according to the invention, in 
order further to enhance its benefit in increasing the hair growth. 

The amount of activity enhancer, when empioyed in accordance with the invention, wiil normally be 
so from 0.1 to 50%, preferably from 0.5 to 25% and most preferabiy from 0,5 to 10% by weight of the 
composition. 



Further preferred embodiments of the invention 

as 

Further preferred embodiments of the invention are those where the composition according to the 
invention comprises an activity enhancer in addition to at ieast one chemical inhibitor. 

Particularly preferred mixtures of chemical inhibitors and activity enhancers include the following, where 
minoxidil as a iess effective chemical inhibitor, as herein defined, should be employed in compositions 
w according to the invention with an activity enhancer, 
Accordingiy, preferred mixtures are: 
Minoxidil and diisopropyl sebacate 
Minoxidil and pyrogluiarnic acid methyl ester 
Minoxidil and pyrogiutamic acid n-propy! ether 
35 Minoxidil and 2[pynjgtutarnoyios<y]-prcptonic acid 

Minoxidil and ethyi-2-[pyroglutamoyioKy3-n-proptonafe 
Minoxidil and 2-hydroxy octanoic acid 



<0 Other hair growth promoter adjuncts 

The composition according to the invention can also contain adjuncts ether than those already 
mentioned, depending on the form of the intended product. It is, for example, possible to inciude 
antiseptics, preservatives, antioxidants, emuistfiers and colouring agents, which can improve the stability 
45 and consumer appeal of the composition. 

The composition according to the invention can also be empioyed as a vehicle for a wide variety of 
cosmetically or pharmaceuticaify active ingredients, particularly ingredients which have some beneficial 
effect other then the promotion of hair growth when applied to the skin. 

so 

Process 

The invention afso provides a process for Hie preparation of a composition suitable for topical 
application to mammalian skin or hair which comprises mixing a chemical Inhibitor as herein defined, with a 
55 suitable vehicle to provide a composition according to the invention, in which the inhibitor forms from 
Q.0Q01 to S9% by weight of the composition. 
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Produ ct Form am? Comaker 

The compositions of ths invention cart be formulated as liquids, for example as a taUon, shampoo, milk 
or cream for use in conjunction with an applicator such as a roli-bai! applicator, or a spray device such as 
5 an aerosol can containing propeiiant, or a container fitted with a pomp to dispense the liquid product. 
Alternatively, the compositions of trie invention can be soisd or semi-solid, for example sticks, creams or 
gels, for use in conjunction with a suitable appficator or simply a tubs, bottle or lidded Jar, or as a liquid- 
impregnated fabric, such as a tissue wipe. 

The invention accordingly also provides a closed container containing a composition as herein defined. 

10 

Use of me Chemical inhibitor for Inducing, Mainistnins or increasing Hair Growth 

Tii© invention also provides for the use of a chemical inhibitor, as herein defined, for topical application 

?s to mammalian skin or hair for inducing, maintaining or increasing hair growth. 

The compositions according to the invention are primarily intended for tcpicai application to the scalp of 
the human subject, particularly where the head is already baid or balding, in order to promote the regrowth 
of terminal hair. The compositions can also be applied pmfilactically to the hair and hence the scalp to 
reduce or prevent the onset of baldness. 

35 The amount of the composition and the frequency of application to the hair and/or scalp can vary 
widely, depending on personal needs, but it is suggested as an example that topical application of from 0.1 
to 5g daily containing from 0.COOOT to 1g o? a selected chemical inhibitor over the period of at least six 
months wiil in most cases resuit in an improvement in hair growth. 



EVALUATION OF EFFICACY OF CHEMICAL INHIBITORS USING TBS HAT MODEL 
{i) Measurement of h air growth using foe rat model 

a© The effect of compounds on hair growth was assessed using male rats as an animal model as follows. 
In each of the comparisons reported below, 10 rats were used. 

A smail patch of normal skin (4cm * 4cm) on the upper back of each rat was clipped at the start of the 
experiment and a hair growth stimulant composition {or a control) applied twice daily topically to the clipped 
area. Hair was ciipped from She area of the patch twice weekly, collected and weighed at each time point, 

35 and cumulative hair weight calculated. From these data, it was possible to estimate the effect of a chemical 
inhibitor as a test compound on the amount and duration of hair growth during the experiment. A positive 
response, ie. an increase of at least 10% by weight of hair, compared with a control, indicates the potential 
of the test substance to prevent hair loss and/or reverse baldness in human subjects. 



© Validation Of rat model for hair growth using. Mino x idil 

The rat model was validated by showing thai topical application of a known promoter of human hair 
regrowth, namely 2% (w/v) minoxidil in a vehicle of 70% ethanol, 20% water and 10% propylene glycol, 
caused a significant increase of 55% in hair growth as shown below: 
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Mean Cumulative 
Hair weight (iag) 
± sd, after 45 days 



Significance 
Level 

(vs vehicle} 



2% minoxidil 
Vehicle {control} 



59$. 2 ± 85,1 
387.3 ± 75.9 



p * 0.001* 



* statistically significant 

(iii) Measurement of hair growth following toptca! app licatio n of D-giucarQ-i,.4-iaetone as enzyme jgWitor 

Topfcal treatment with a composition according to the invention was found to stimulate hair growth, In 
this example, the effect of topical appiication of D-giucsro-l ,4-tectona, an inhibitor of ^-glucuronidase is 
shown. The test solution in this experiment contained approximately 7% iw/v) of the giucarolactone in the 
form of an equilibrium mixture prepared from boiled calcium giucarate. The vehicle was 33% (v/v} ethanot 
containing 50m fvJ Na citrate at pH 4.2. Test cr control solutions (0,3ml) were applied twice-daily to the 
clipped site; the hair growth results sre shown below in Table 2. 

Table 2 



Treatment 



Mean Cumulative Significance 

Hair Weight (mg) Level 

± sd, after 45 days {vs vehicle} 



7% Giucarolactone 
Vehicle (control) 



462.7 i 58.4 
427.2 ± 58.7 



p < 0.05* 



* statistically signficant 

in addition to demonstrating a statistiealy significant stimulation of hair growth {a 13% increase} as 
shown in Tabie 2, giucarolactone has been consistency found to advance the onset of anagen, thus 
reducing th® amount of time spent in the resting stage of hair cycle. 



(iv) Synergistic interaction of D-glucare-l ,4-iactone and minoxidil in heir growth 

in other experiments, giucarolactone has bean found to display a synergistic effect on hair growth in 
combination with a low concentration of minoxidil. Both glucaroiaetene and mincxidii ars jS-giucuronidase 
inhibitors. This effect is tiiustrated in Table 3 boiow, in which the vehicle was 33% wV ethanoi irt SOmM 
sadfum citrate, pH4,2: 



. 2£ 



0 277 428 



Table 3 



Treatment 



Hean Cumulative 
hair weight {jag) 
t sd, after 



Significance 
level 

(vs vehicle) 



Increase 
in hair 
growth (%} 
{Test vs 
control) 



45 days 



7% glwcaro lac tone 
(GL) 



482.7 t 58.4 



p < 0,05* 



13 



0.2% minoxidil 
(M) 



465.8 i 4S.8 



p > 0.1 



9 



7% GL + 0.2% M 



561.1 i 57.7 



p * 0.001* 



31 



Vehicle (control) 427.2 ± 58.7 



* statistically significant 

From these results, ii can be seen that the hair growth properties of minoxidil atom (9% increase !n hair 
growth), can be greatly enhanced when the giucaroSactone is present (31% increase in hair growth), thus 
making possible the use cf a tower man usual concentration of minoxidil (for example. 0.2% by weight 
which is watsr soluble, instead of 2% by weight which is no!) without diminishing its ability to stimulate hair 
growth. The statistical significance of this synergistic effect can be deduced from the results shown in Table 
3 above, when it is realised that the mean of <3t. + M was compared wim eiiher GL {p < 0,01) or fvt {p * 
0.001} alone, 

A further advantage of using a composition containing a iower than usual concentration of minoxidil is 
the enhanced in-use safety margin, bearing in mind possible contra-indications which aiiedgedly follow 
topical application of higher concentrations of minoxidil. 



(v) influence of t*methyipyrroiidone as activity enhancer in the stimulation of hair growth with giucarolactone 

in a further experiment, giucarolactone was tested in She presence of an activity enhancer, 1- 
meihyipyrroHdone. Again, a significant increase in hair weight was obtained, as shown below in Table 4, in 
which the vehicle was 33% v/v aqueous ethane! containing 50mM Na citrate buffer pH4.2 and 10% wrv 1- 
methylpyrrolldone. 
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Table 4 



Mean Cumulative 
Hair Weight frag) 
± §4, after 46 days 



Significance 
Level (vs 
vehicle) 



7% glucarolactone 706.2 ± 86.6 



p < 0.01* 



, vehicle (control) 611.1 ± 48.1 
* statistically significant 

This represents a 15% increase in hair growth. 



M i^iti^fie 2! liS wetting ag en t Triton X-tOO as an activity enhancer in the stimulation 2i ME g f0wth with 



In a further experiment, the indusion of a surface active agent, Triton X-10C was found to provide a 
particularly advantageous activity enhancer for giucaroiactone, as shown below in Tabie 5, in which trie 
vehicle was 20% v/V eihano! containing SOmM sodium citrate, pH4.2 and 0.1% w/v Triton X-1Q0. 



Treatment 



Mean Cumulative 
Hair weight {mg* 
+ sd, after 4 3 days 



Significance 
Level (vs 
vehicle} 



7% giucaroiactone 573.3 ± 82.5 



p * 0.001* 



vehicle (control) 412.3 ± 57.5 
* statistically significant 

This represents a 39% increase in hair growth. 



fVii) influence of Zinc gluconate as an inhibitor of Sulphatase S in the stimulation of hair growth 

in another experiment, the effect of sulphatase S inhibitor, sine gluconate was examined and found to 
produce a significant increase in hair weight as shown below irt Tabie 8, in which the vehicle was 20% 
aqueous ethanol 



55 
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Table 6 



Treatment 



Mean Cumulative 
Hair Weight <mg) 
4 sd, after 45 days 



Signf icance 
Level (vs 
vehicle) 



2% (w/v) zinc 
gluconate 



460,9 ± 45.7 



p < 0.05* 



vehicle {control} 3S7.8 ± 56.3 
* statistically significant 

This represents a 16% increase in hair growth. 



Assay of enzyme activity arid cellular uptake, and inhibit i o n thereof with the chemjcai inhibitor 

ft is s feature of the invention that the chemical inhibitor is one whose inhibition of protecglycanase 
activity, gtycosaminogiycanase activity or cellular uptake oi giycosaroinogiycans chains is such that a ImM 
aqueous solution of the inhibitor reduces said activity or said collar uptake by more that 50% as 
measured by an appropriate assay. 

For chemical inhibitors which are iess effective in that at the same concentration, they reduce said 
activity or said celiuiar uptake by from 5 to 50%, it is then necessary to include aiso a second chemical: 
inhibitor and/or an activity enhancer as herein defined, which will not necessarily increase said activity or 
said celiuiar uptake, as measured in vitro, but which will nevertheless further enhance hair growth, often 
synergisticaiiy. 

in each of the assays referred to herein, the chemical inhibitor was tested at a pH ciose So the optimum 
pH value of the relevant enzyme, and under conditions of saturating substrate concentration, to ensure that 
Vmsx was obtained in the controls. 

The relevant assays employee! to assess the abtlfty of cbemicai inhibitors to inhibit enzyme activity or 
cellular uptake are as follows: 



1 , Proteogiycanase assay 

The degradation of proteoglycan by proteoglycanase and its inhibition was determined using the 
method described by Nagase & Woessner in Arsaiyl. Biochem., 107, 385 (1 980). 



2. Siyeosamtncsgiycsnase assay 

In view of the complexity of the giycosamiooglycan chain, several different enzymes are known to 
cieave this chain at different points. Glycosamirtogiycansses, can accordingly be classified into ex- 
oglycosidases, sndoglycosidases, sufphatases and suiphamatases. Different assay methods were used for 
each of these classes. These methods are outlined below. 



a. 1 Sxoglycosid ases 

2.1.1 g , N-acetyihexosaminidase 

2.1 .2 g-ojucurcnidase 
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2.1 .3 -gaiactosidase 

2.1 .4 a -N-acetylgiucosafTiinidase 

$ The activity of each of flies© four exegiycQsfdases was measured using a method described in 
"Lysosomes, A Laboratory Handbook". adited by Oingie J.T., Second Edition, (1977) at page 118. 



2.1.S a-t-iduronidase 

The activity of a -L4duroriEdase was measured using Method II described by Otngte J.T. [Ibid., at page 
119], 



?s 2.2 £ndoejycosidase 

2.5.1 Hyaluronate andogiycosidaminidase 

The activity of hyaiuronate endoglycosaminidase, aiso known as hyaiuronidase was assayed by the 
so method described by Dingfe J.T [ibid., at page f 161. 



2 . 2,2 Heparan sulphate endooJycosida s e 

as The activity of heparan sulphate endogiycosidase was assayed by the method described by Hook et a!., 
(T975) In Bicchem. Biopfcys. Res. Commun. 67' 1422-1428. 

3, Sulphatases and Suiphamatases 

30 ' 

3.1 Sulphatase A and Sulphatase 8 

The activity of sulphatase A and 8 was measured using the method described by Dingle J.T. [Ibid., at 
page 115). 



3.2 Chondro itin : 6-Suiphstase 

The activity of chondroitin-fS-suipbaiase was measured using the method reported by Singh et si (1975) 
4Q In J, Clin, invest. 57, 1036-1040. 



3.3 idurono-sulphate su lphatas e 

The activity of idurono-sulphate sulphatase was measured using the method reported by Urn et al 
(1974J in Carboftyd. Res. 37. 103-109. 



3.4 Heparin Sulphatase 

The activity of heparin suiphamatase was measured using the method reported by Friedman and 
Arsenis (1972) in Biocrtem. Btophys. Res. Commun. 48 1133-1139, 



55 3;5 H : Acet^?glucps3ffi»ie--50iphate sulphatase • • 

The activity of N-acetytgiucosamine sulphate sulphatase was measured using the method reported by 
Habucht et al {1979) in J.Biol. Chem. s 254, 7370-7578. 
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4. inhibition of cellular upta ke of glycosa ■• , . 

The inhibition of ceifular uptake of oiycosamlnoglycan chains was measured using the method reported 
by Esktld et at., (1986) in int. J. Biochem. 18, 647-651 . 

s 

The inhibitory effect of minoxidil on g-Qiueuroiiitisse activity 

The absiity of minoxidil to inhibit the activity of £-giucuronida$e was evaluated by the method reported 
to by Dlrtgie J,T. [Ibid., page It 8] as describee! hereto. 

The results using different concentrations of minoxidil when incubated with a mixture of this enzyme 
and the nitrophenyf glucuronide substrate were as follows: 



Minoxidil concentration 
rag/ml mM 



% inhibition of 
ft -glucuronidase 



0.05 

0.4 

0.8 



0.24 

1.9 

3.8 



2 
12 
23 



The percent inhibition of a tmM concentration of minoxidii is accordingiy 6%. This confirms that 
minoxidii is a weak enzyme inhibitor and, in accordance with the composition of the invention, when the 
inhibitory affect of an inhibitor is between 5 and 50%, as herein defined, then it is necessary to include in a 
composition containing minoxidil, a second chemical inhibitor and/or an activity enhancer. 

Tft?. foWbitpry affect of giucuronic acid and giti curona-6, lactone on jS-giucurenidase activity 

The ability of giucuronic acid and giucuronc-6,3-iaetone to inhibit the activity of ^-glucuronidase was 
also evaluated by the method reported by Dingie J,T. [Ibid,, page 118], 

The resuits when the acid or toe lactone were incubated with a mixture of this enzyme and the 
nitrophenyi giucuronide substrate were as follow: 



Inhibitor 



Inhibitor concentration 



% inhibition of 
/^glucuronidase 



Glucuronic acid 
GXucurono-S r 3-lactone 



0.2 
0.2 



1.03 
1.14 



20 
51 



The percentage inhibition of a 1mM concentration of glucuronic acid" is accordingiy 19.4 and that of 
3!ucufono-6,3-iactona is 44.7. This confirms that both glucuronic acid and giucurono-Q,3-lactone are weak 
enzyme inhibitors and, in accordance with the composition of the invention, when the inhibitory effect of an 
so inhibitor is between 5 and 50%, as herein defined, then it is necessary to include in such a composition a 
second chemical inhibitor and/or an activity enhancer. 



The invention ts illustrated by the following examples: 
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Example \ 

This Example illustrates a lotion according to tits invention which is suitable for topics! application to the 
scalp in order to promote, hair growth. 
The iofcon has tho following for mutation; 



% y/y 

L-Galactono-1 , 4-lac*one 0. 1 

ethanol 99,995 
perfume q.s. 



This Example Illustrates a hair tonic which is suita&te for application to hair or scalp. 
20 The hair tonic has the following formulation: 



% w/v 

L-Arabino-1 , 5-lactone 0 . 8 

ethanol SO 
water 4& 
perfume q.s. 



Example 3 

This Example also illustrates a lotion which is suitable for topical application to the scalp. 
The lotion has the following formuiatiorc 



D-Fucono~l,5-lacrtone . 1,5 

propan-2-ol 10 

ethanol 88,5 

perfume q.s. 
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Example 4 

This Example ateo ifigstrates a Hair tonic which is suitable for appSicatioo to hair or scalp. 
The hair tonic has the following formuiatJon: 



D-Glucaro~l ,4-lactone 
ethanol 
water 
perfume 

Examples 5 to 6 

The following formulations represent lotions which can be used topically in the treatment of baid 
balding male or female heads. 



5 6 7 8 

Bydroxyethyl cellulose 0.4 ~ 0.4 

Absolute ethanol 25 25 25 25 

Propane- 1 , 2-diol - - 38.4 38.4 

Butane-l,3«diol 38,4 38.8 

Paramethyl benzoate 0.2 0.2 0.2 0.2 
D-Glucaro-1 ,4:6,3- 

dilactone 5 

L-Idaro~I ,4-Iactone 1 
D~Glucurono-6 , 3- 

lactone - - 0,8 
Galactaric acid 

lactone* - - - o,6 

Perfame 1111 

Water to 100 100 100 100 



* 1,2, 5-trl-0-aeetyi~&-giucur©no-6 , 3 -lactone 
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Examples 3 to 12 

The following formulates represent creaks writer! can be usad in the treatment of baldness. 





I 


10 


11 


11 


Cetyl alcohol 










polyexyethylene (10) 


4 


4 


4 


4 


Cetyl alcohol 


4 


4 


4 


4 


Mineral- oil 


4 


2 


- 


- 


Paraffin wax 




2 


4 


- 


Partial glyceride 










of palmitic and 










stearic acids 


- 


- 


- 


4 


N-Acetylglucosamine- 










lactone* 


2 




- 




N-Acetylgalactosamino- 










lactone* 








1 


N-Ace-fcylgliicosaiTiiTie 




1.5 






A-Acetylga lac tos amine 






2 




Trietn an ol amine 


0.75 


0.75 


0.75 


0.75 


Butane-l,3-diol 


3 


3 


3 


3 


Xanthan gum 


0.3 


0.3 


0.3 


0.3 


Preservative 


0.4 


0.4 


0.4 


0.4 


Perfume 


g.s. 


g.s. 


g.s. 


q.s. 


Water to 


100 


100 


100 


100 



* 2~Acetamido-2-deoxygluconolactose 
+ 2-Acetamido~2-deoxygalactonolactone 

Example 13 

This Example illustrates a wateHn-oii high infernal phase emuision containing a glycossminogiycanase 
inhibitor according to the invention. 

The emuision consisted of 10% by volume oily phase and 90% by weight aqueous phaas. 
The oily phase and the aqueous phase had the foilowino, constitution; 
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Oily phase 

Sorbitan monooleate 20 

Quarteniua-18 hectorite 5 

Liquid paraffin 75 

Aqueous phase 

D-GIucosacdJie-3-sulphate 0 . 5 

Xaivthan gum 1 

Preservative 0.3 

Per f me q.s. 
Sodium chloride {1% w/w solution) to 100 



The emulsion was prepared by faking 10 parts by volume of the oiiy phase and to it adding slowly with 
stirring 90 parts by volume of {he aqueous phase. 

The high interna! phase watar-trt-aii emulsion so formed can be applied topically to the scafp, to 
improve hair growth and regrowth. 

The following axamptes 14 to 18 iilustrate shampoos for use in washing me hair and scaip, and for 
promoting hair growth on the scaip. 
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Example 14 



Sodium lauryl ether sulphate 

(2 330} [21% AD] 41,4 
Lauryl dimethylamino acetic acid 

betaine: [30% AD] 4 

Coconut fatty acid diethanolamine 1.5 

Oleyl triethoxy phosphate (BRIPHOS 03D) 1 
Polyglycol-polyamine condensation 

resin (POLYQTJART H) [50% active] 1.5 

Preservative, colouring matter, salt 0,58 
2 (S> -Carboxy-3 (&} , 4 (R) ,5 (R) -trihydroxy 

piperidine 5 

Perfume q.s. 

Water to 100 



Ex ample i n 15 



% w/w 

Sodium lauryl ether sulphate (2 EO) 

[100% AD] 12 

POLYMER JR400 2.5 

4g BRIPHOS 03D 2.5 

D-Glucaro~ 1,4:6,3 -dilactone 4 

Magnesium Sulphate 5 

Per fume g.s* 

50 Water to 100 
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Example 16 



Monoethanol amine lauryl sulphate ; 

[100% AD] 
JAGUAR C13S 
BRIPEOS 03B 
Coconut diethanolamlde 
D-Glucaro~l, 4- lac tone 
Sine gluconate 
Perfume 
Water 

pH adjusted to 6.5 



Example 1? 

Sodium lauryl ether sulphate (3 EOJ 

{100% AD] 
JAGUAR C13S 
BRIPHOfi 03D 
N-Acetylglucos amine 
Sodium chloride 
Perfume 
Water 



pK adjusted to €.5 
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Example 18 



Sodium lauryl ether sulphate { 2 EQ) 

1100% AD] 12 

POLYMER JS400 3 

BRIPHOS 03D 2 

Opacifier § 

Magnesium sulphate 5 



Perfume 



q.s. 



Water to 100 

pH adjusted to 6.5 



The following Examples 19 to 24 illustrate powder compositions aecsrriing to the invention which can 
bs applied topicaiiy to the seaip. 
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19 


20 


21 


22 


23 


24 


35 


Chemically modified 












starch 


5 




5 




5 






Chemically modified 














40 


cellulose 




5 




5 




5 




Boric acid 


10 


10 


10 


10 


10 


10 




2inc oxide 


5 


5 


5 


5 


5 


5 




D-Glucaro-1 , 4-lactone 


3 


2 


5 


1 






45 


Minoxidil glucuronide 
D-Glucaro-1 , 4 s 6 ,3- 


5 


10 


2 


4 


3 


S 




d± lactone 








2 


S 


3 


SO 


Perfume 


q.s. 


q.s, 


• q.s 


• q.s 


• q.s. 


. q.s 




Chalk 


10 


10 


10 


10 


10 


10 




Talc to 


100 


100 


100 


100 


100 


100 
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The following example illustrates a lotion according to the invention which can be applied topically to 
the scalp to prevent hair ioss and stimulate hair regrowih. 



D-Glucaro-1, 4-lactone 7 
Minoxidil 0.2 
ethane! 16 
citric acid 1,05 

water to 100 



pH adjusted to 4.2 with sodium hydroxide 



Example s 2B & 27 

These examples illustrate hair tonics which are suitable for application lo the hair and scalp. 
The hair tonics had the following formulation: 
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26 


27 


Hydroxamie acid * 


2 




Hydroxamie acid + 




3 




50 


50 


water 


48 


47 


p«rftm« 


q.S. 


q.S 



* HONHCOCH 2 CH { n-Pentyl) COLeu-PheNE 2 
+ HONHCOCH 2 CH (n-Pentyl) COLeu~AlaNK 2 
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This example illustrates a microgel which is suitable for topical application to hair or scalp. 
The gel had the following fermuiation: 



Polyoxyethylene (10) olsyl ether 


14, 


,5 


Polyoxy ethylene fatty glyceride 


14, 


,5 


Light liquid petroleum 


13. 


.7 


Propylene glycol 


7, 


,6 


Sorbitol 


5. 


.9 


Di lactone * 


4 




Perfume 


g« 


.s , 


Water 


to 100 





* 2 , 5-Di~0~acetyl-D-glucaro~ 1,4:6, 3-dilactone 

This mterogei was prepared by heating part A to 90»C and part C to 95* and then adding part C to part 
A with stirring. Part 8 was then added at 70*C and the final mixture cooled and poured into jars at 5S*C to 
eO°C. On further coding, a get was formed. 

S t amptes 53 to 31 

These examples iiiustrate shampoos which are suitable for toplcaj application to hair in order to cleanse 
it, at the same time delivering chemical inhibitors to the scalp to enhance hair growth or regrowth. 
The shampoo had the following formulation: 
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Triethanol amine lauryl 

sulphate 16.8 18.0 16.8 

Coconut diethanolamide 3.0 - 1.0 
Hydroxypropylmethyl- 

cellulose {1} 0.25 0.1 0.3 

Corn syrup {80% solids) {2} 20.5 40.0 21.0 

DiBethylpclysiloxane (3) 1.0 1.0 

Volatile silicone (4) - - 1.0 

Cationic cellulose (5) 0.5 - 0,5 

Ethyl alcohol (SDA 40) 9.0 10.0 10.0 

Vinyl carboxy polymer (7) 0.75 0.3 0;75 

D~Galactosamine 1 

Glucuronic acid propyl ester 2 

Iduronic acid methyl ester 5 

Perfume, colour, preservative q.s. q.s. q.s. 

Water to 100 to 100 to 100 

Acid or base to pHs 6.5 6.5 6.5 

1 - Methocel E4M {Dow Chemical) 

2-42 Dextrose equivalent ( St aley 1300) 

3 - 60,000 centlstokes {Viscasil, GEO 

4 - Dow Corning 344 

5 - Polymer JR 400 

6 - Jaguar C-17 

7 - Caxbopol 541 (BF Goodrich) " - • 
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Examptes 32 to 35 

The fallowing formulations represent tottons which can be used topicaiiv in the treatment of bald or 
balding maie or female hsads. 



'32 33 34 35 

Kydroxyethyl cellulose 0.4 - 0.4 

Absolute ethanol 25 25 25 25 

Propane- 1,2-diol - - 38 «4 38.4 

Butane- 1,3-diol 38,4 38.8 

Paxamet&yl benzoate 0.2 0.2 0.2 0.2 

N~ Ac e ty Imanno s ami ne 5 

Phosphorylated 

hesperidin x - - 

Sodium aurotiiiomalate 2 
Substituted thiosemi- 

carbaEone indoles ~ - - 4 

Perfume 1 11 1 

Water to 100 100 100 100 



This Example also illustrates a lotion which is suitable for topical application to the scalp 
The lotion has the following formulation: 



40 



Glucuronic acid 1>5 

Diisopropyl sebacate 10 

ethanol 8S g 

perfume ^ s 



ss 
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Example 37 

This Scampie afso illustrates a hair tonic which is suitable for application to hair or scalp. 
The hair ionic has the following formulation: 



Glucurono-6 , 3-lactone 0 . 2 

Pyroglutamic acid ethyl ester 10 

ethanol 40 

water 49,80 
per f tune q.s. 



Claims 



1, A composition suitable for topical application to mammalian skirt or hair for inducing, maintaining or 
increasing hair growth which comprises; 

(i) a first chemical inhibitor chosen from proieogfycarase inhibitors, giyeosaminogiycanase inhibitors, 
giycosaminoglycan chain cellular uptake inhibitors or mixtures thereof; and 
<aj a cosmetically acceptable vehicle for the chemical inhibitor; 

provided that when the first chemical inhibitor is a weak inhibitor, such that a imM aqueous solution cf 
the inhibitor reduces proteoglycanase activity, giyeosaminogiycanase activity or cellular uptake of 
glycosamtnogiycan chains, by from 5 to 50%, in accordance with at least one of me assay teste as herein 
described, then there is also present in the composition a second chemical inhibitor and/or an activity 
enhancer; 



provided also that when minoxtdii is the sole chemical inhibitor then the .activity enhancer is a penetration 
enhancer chosen from: 

Dioctyl adipate 

Dicapryl adipate 

Diisopropyl adipate 

Diisopropyi sebacate 

Dibutyi sebacate 

Diethyl sebacate 

Dimethyl sebacate 

Dioctyl sebacate 

Dibutyi suberate 

Dioctyl aaelate 

Debertzyl sebacate 

Dibutyi phtnaiate 

Dibutyi aselaie 

Ethyl myristate 

Dimethyl azeiate 

Butyl myristate 

Otbutyf succinate 

Oidecyl phthaiate 

Decyl oisate 

Ethyl caproate 

Ethyl salicylate 

Ssopropyi palmitate 

Ethyl Ssurate 

2-etnyl-hexyi peiargortate 
tsopropyl ssostearate 
Butyl lauraie 
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Benzyl banzoate 
Buty! benzoate 
Hexy! isurate 
Ethyl caprafs 
Ethyl capryiafe 
Butyl stearate 
Benzyl salicylate 
2-hydroxypropanoic acid 
2-hyroxyodanosc acid, 
esters of pyroglutamic acid having the structure: 



and where R' and R* are the same or different and are each represented by H or the grouping: 

[{Cr^ u> (CH?:OH) V! {CHs) w ,{CH 3 CH 8 ) x ,{CH«CH)^ (2) 

where 

u is sero or 1 

v is zero, or the integer 1 or 2, 

w is zero, or an integer of from i to 21 

x Is zero, or an integer of from 1 to 4, 

y is zero, or the integer 1 or 2, 

2 is zero, or an integer of from 1 to 22, and 

u+v+w+x+y + 2isart integer of from 1 to 22: 
provided that when the subgroupiog (CH = OH) 5s present, then the totai number of carbon atoms in said 
grouping is from iO to 22; and/Or 
a eatbfiie poiymer chosen from: 

Guar Hydfoxypropyitrimonium ehtoride 

Quatemium-19 

Quatemium-23 

Quaternium*40 

Quatemiom-5? 

Poiyppropyldiajiyfammonium chloride} 

Poiy(m8thyi-j3-propaniodiaHy!amrnontum cWortde} 

Paiy{d!altyipiperidfnium chloride} 

Poiyfvinyi pyricKnium cnloride) 

Quatemised poiy (vinyi alcohol} and 

Quatemised poiy (dinethyfamlncetnyimsthacryiato}: 
the total amount of chemical inhibitor present in me composition being sufficient to increase hair growth in 
the rat, when said composition is applied topically thereto, by at least 10% more than that obtainable using 
a control composition from which the said inhibitors have been omitted. 

Z A composition according to claim 1, in which the chemicaf inhibitor is a pfotooglycanas,e Inhibitor. 
3. A composition according to claim 2, in which the protoogiycanase inhibitor is a direct prot- 
eogiycanase inhibitor chosen from: 

1,10-Phenantbrofine 

AcetyiPhe-teuSH 

AcetyfSer-UuSH 

AcetyJTrp-teuSH 

AcetyiPbs-Phe-LeuSB 

HSCH^H{t-Sutyi>COPhsNH2 

H9CHaCH{l-Butyi)COLeu-PheNH 2 

AcetyfTrp-lieSH 
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AcetyiPhe-iieSH 

HOOCCH(i-8utyt)Leo-Leu-LeuOGHa 

HOOCCHCf-ButyOUu-lsu-AiaNHj 

HOOCCH{j-Sutyi)Uu-Lsu*Pheffrb 

H00CCH{i-8uty!)Leu-L8U-t©u-AJaNHj 

HONHCOCHjCH(n-Pentyl)CCa^i-Mi^*Hi 

HOHHC0CH?CHfn-Penty!}COLSLt-AiaNHs 

HONHCOCHsCHCi-BulytJCOLeu-PheNHs 

HONHCOCHsOH{n-Pontyi)COVa!-AlaNH z 

grid mixtures thereof 

4. A composition according to ciaim 2, tn which the proteogiyeanase inhibitor Is an indirect prot- 
eogiyeanase inhibitor chosen from catatc oligomers. 

5. A composition according to ciaim 4, in which She caticnic oligomer is chosen from; 
Arg-Arg-Arg, 

Cys-Arg-A-g-Arg-lys-Arg-Arg, 
Pro-Arg-Arg-Arg-Arg, 

Arg-Pro-VahArg-Arg-Arg-Arg-Arg-Prc-Vai, 
and mixtures thereof. 

8. A composition according to ciaim 1, in which the giycosamtnogiycanase inhibitor is art exogiyeosdase 
inhibitor, 

7. A composition according to ciaim 6, in which ihe exoglyccsidas© inhibitor is chosen from aidonoiac- 
tones and estorifrad aidonoiaetonss having the structure: 



A 1 



B C 2 H 




where A* and A 8 are -H, 

OR' OR 
-CH 3 ," C » 0 or - 6 * 0 

B is OR* or a lactone itnkage to position 1 or 6, or -NHCOCHs 
and where R is -H or Cs to Cs alkyi 

R' h the remainder of the mdecute joined through another C atom at positions 2 to 8 to form a lactone, 
R" is -is or Ca (f© acetyl) to C* acy! of either configuration with respect to the backbone of this molecule. 
8. A composition according to claim 7, in which the aktonoSadone Is chosen from; 
L-Gsiactonic add-yiaetone 
L-Arabino-1 ,5-iactone 
O-Fucono-1 ,S-lactone 
D-GJucaro-l ,4-lactons 
D*Glucurono-6,3-factone 
Gciactaric add lactone 
2-AcetamidO'2-deoxygioconoiactone 
2-Acetam!dr>2*d9oxygaiactonoiactorie 
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D-Glucaro-1,4:6,3-di!&ctone 
L-iciaro-1 ,4-iaetone, and 
mixtures thereof. 

9 r A composition according to ciairo 7, in which the esterified aidanoiacfor.e is chosen from; 

2 < 3,S,-Tri-0-acstyf-D-g!ucsro-1,4-laotone 

2,S-0i-0-acstyi-D-giucaro-1 > 4:6,3-c!ilac<ona, and mixtures thereof. 

10, A composition according to cMm 8, in which the excglycosiriase inhibitor is chosen from 
monosaccharides and esteriSed monosaccharides having the structure: 



where A is -OR or -NHCOCHj 

R is *H, -SOjfvt. Oi (te acetyl) to d acvi 

ft' is -H or -OR 

M is -H or a mstaf cation 

tt. A composition according to ciairo 10, tr» which the monosaccharide is chosen from; 
N-Acetyigtocosamine 
^Acetylgalactosamine 
D-Gafectosamfne, and 
mixtures thereof 

15. A composition according to claim 6, in which the exogSycosidas& inhibitor is chosen from 
piperidines having the structure; 



A is ~H, -OR' or - C -OB* 

h is -H, C ? to C$ aikyi or dramino-pynrrtidfne N-exide 

R" Is -H or Cz (m acetyl) to C* acyi, 
the substftuent groups A being the same cr different 

13. A composition according to ciaim 1£, in which the piperidins is 
2(S)*Carbo>£y.3(BK4{F5)«5CS)-tr!hydroxypiperidsne. 



42 



0 277 428 



14. A composition according to claim 12. in which the piperictfne is minoxidil. 

15. A composition according to clam 14. which further comprises in addition to minoxidil, one mora 
cbemicai inhibitor chosen from; 

Zinc gluconate 

magnesium sulphate 

D-ojucarcH ,4»!acton6 

1,10-phenamhrciirte 

D-giucosamins-S-suipbate 

L-fdaro-1 ,4-iactone 

L-gaiactono-1 ,4*!actorse 

2-acetam<do-2<: : eoxygiuconoiactone 

Q»g!ucara-1 ,4:8.3-dt!actons 

2 l 3,5-trj-0-aceiy!-0-g!ucaro-t 1 4-!acione 

N-acetyfgiuccsamine 

N-acotyimannosarrsine 

phosphoryiated hssperidtn 

glucuronic acid, and 

mixtures thereof 

18. A composition according to claim 12, in which the piperidtoe is minoxidil, me composition also 
comprising an activity enhancer. 

17. A composition according to ciaim 1, in which the giycoaaminopjyeanase inhibitor is an asv 
dogiycosidass inhibitor, 

18. A composition according to claim 17. in which the endoglycosidase inhibitor is chosen from; 
phosphoryiated hesperidin 

sodium aurcthiomaiate 

substftued thiosemscarbazcne indoles, and 

mixtures thereof 

18. A composition according to ciaim 1, in which the sulphatase inhibitor is chosen from the anions 
sulphate 
sulphite 
pyrophosphate 
fluoride 
borate 
chloride 
gluconate, and 
mixtures thereof, 

each anion being in the form of a water-soluble metai or ammonium salt. 

20. A composition according to ciaim 19. in which the salt is chosen from magnesium sulphate or zinc 
gluconate. 

21. A composition according to ciaim 1, in which the sulphatase inhibitor is 
D-Giucosamine-3-suipftate 

22. A composition according to claim 1, in which the sulphatamase inhibitor is chosen from the anions; 
sulphate 

sulphite 
pyrophosphate 
fluoride 
borate, and 
mixtures thereof, 

each anion being in the form of a water-soiuble metal or ammonium salt. 

23. A composition according to ciaim 20, in which the salt is magnesium sulphate. 

24. A composition according to claim 1, in which the giycosaminogiycan chain cellular uptake inhibitor 
is choseri from an hextjronic acid or esters thereof having the structure: 
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■OP. 




•C OH 



C 4 OR 




©8 




where 



ft is -H, -SOsM, Os {is acetyl) to C 4 acyi: 
R' is -H or Cs to C s aikyi. 

25. A composition according to claim 24, in which the hexuronic acid is chosen from glucuronic acid, 
idw r c aci 1 _> id n ,- J . ires thereof. 

26. A composition according to any preceding claim.' in which the total amount of chemical inhibitor is 
sufficient to increase hair growth in the rat, when said composition is applied topically thereto, by at ieast 
20% mors than that obtainable using a contra! composition from which said inhibitors have been omitted, 

27. A composition according to any preceding ciaim, in which the total amount of chemicai inhibitor fs 
sufficient to increase hair growth in the rat, when said composition is applied topically thereto, by at feast 
30% more than that obtainable using 3 contra! composition from which said inhibitors haw been omitted. 

28. A composition according, to any preceding ciaim, in which the total amount of chemicai inhibitor is 
sufficient to increase hair growth in the rat. when said composition Is appiied topically thereto, by at least 
50% mora than that obtainable ostog a controi composition from which said inhibitors have been omitted. 

29. A composition according to any preceding claim, in which the amount of the chemical inhibitor 
forms from 0.0001 to 39% by weight. 

30. A composition according to any preceding claim, in which the amount of the chemicai inhibitor* 
forms from 0.1 to 20% by weight. 

31. A composition according to any preceding claim which additional comprises from 0.0i to 10% by 
weight of a perfume. 

32. A composition according to any preceding ciaim, which additionally comprises an activity enhancer. 



according to claim 32, in which the activity enhancer is chosen from the hair growth 



Benzsikentsjm chloride 
Bertzethonium chloride 
Phenoi 
Estradiol 

Diphenhydramine hydrochoioride 

Chlorpheniramine maieate 

Chterophyln derivatives 

Choissteroi 

Saiicyiic acid 

Cystine 

Red pepper tincture 
Benryi nicotlnate 
dl-Mentho! 
Peppermint oil 
Calcium pantothenate 
Psnthenoi 
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Castor oil 
Hinokffici 
Prednisolone 
Resorcinol, and 
s mixtures thereof 

34, A composition according to cistm 32, in which the actMty enhancer Is a hair growth stimulant 
chosen from «*1 A esisriffed dlssaccharfcles having tie structure: 



10 




m 2 represents a functional nitrogen group, such as an azide or a group having the structure -NHS, in 

which 8 represents -H or a functions! group such as acetyl or suiphate as a salt with an organic or mineral 

Caa ° M represents -H or SOjMi where Mi is an organic or metallic cation, psrteiariy an aikali metal; or an 
acetyl group; 

65 R represents a G, to & aikyi radical, especially mettiyi; or an aryi radical; 

A represents a functionai group such as an aciei or -COOR;. where Ri represents -H or a & to C* aikyi 
radicsi, especially methyl; or a metaf, especially an alkali metal. 

35. A composition according to claim 32. in which the activity enhancer is a hair growth stimulant 
chosen from esterified oligosaccharides, including at least one esterHted disaccharide unit consisting of a 
30 ufonic acid residue having the structure: 




and a hexasamine residue having the structure: 




where 

R" is -H, Cs to C« aikyi or 
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R" is -H, d to C* alky!, -CO{CH*) m CH 3> -SOsM, 
fi" is -H, -CO(CH S ) !t) CH 3 t or -SCfeM, 
U is -H, or a metallic or organic cation 
n is 0 or an integer of from 1 to 7, and 
m Is 0 or the integer 1 or 2; 

the groups designated R* being the same or different, one R* group from each pyranose ring structure 
CHOR* 3 SyC0S,€8c iinkase h3vft,s ** configuration a-1,3, »-1,4, £-1,3 or 0-1.4; and the -COOfr, 
and -OR" groups beirtg of either configuration with respect to the pyranose rings 

36. A composition according to claim 32, in which the activity enhancer is a hair growth stimulant 
chosen from: 

minoxidil glucuronides, 
minoxidil sulphates, and 
mixtures thereof, 

37. A composition according to ciaim 32, in which the activity enhancer is a penetration enhancer. 

38. A composition according to ciaim 37, in which the penetration enhancer is chosen from- 
Diociyi atilpste 

Oicapryf adtpate 
Oiisopropyi adfpate 
Diisoprcpyi sebacate 
Dibutyl sebacate 
Diethyl sebacate 
Dimethyl sebacate 
Dioctyl sebacate 
Dibutyi suberaie 
Dioctyl azeiate 
Debenzyl sebacate 
Dibutyl phthaiate 
Dibutyl azeiate 
Ethyl myristate 
Dimethyl azeiafo 
Butyi myristate 
Dtfautyl succinate 
Didecyl phthaiate 
Decy! oteate 
Ethyi caproate 
Ethyi saiicyiate 
Isopropyi palmitats 
Ethyl iaurate 

2-ethyi-hexy! pefargonste 
isopropyl ispstearaie 
Botyf laurate 
Beozyi benzoate 
Butyi bensoate 
Hexyl iaurate 
Ethyl caprate 
Sthyi capryiste 

Butyl stearate 
Benzyl saiicyiate 
2-hydroxypropanote acid 
2-hytiroxyoctanoic acid, and 
mixtures thereof. 
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39. A composition according to ciaim 37, in which the penetration enhancer is chosen from esters of 
-pyrogkitamie acid hawing the structure: 




where R is & to 0* alkyl, or - CMC00R' 

and where R* and R* are ;he same or different and are each represented by H or the grouping: 

KCHj),, {CHjDHK. (CHj) w (CHsCHfc, {CH * CH),J- {2) 

where 

u is zero or 1 

v is zero, or the integer 1 or 2, 
w is zero, or an integer of from 1 to 21 
x is zero, or an integer of from 1 to 4. 
y is zero, or the integer 1 or 2, 
z is zero, or an integer of from 1 to 22, and 
u + v + w + x + y + Eisao integer of from 1 to 22; 
provided that when the subgrouping {CH = CH} is present, then the totaf number of carbon atoms in sad 
grouping is from 10 to 22. 

40, A composition according to ciaim 39, in which me ester of pyrcgiutamic acid is chosen from: 
pyrogiutamic acid methyl ester 
pyrogiutamic acid etfcyi ester 
pyrogiutamic acid n-prcpyi 3ster 
pyrogiutamic acid n-butyf ester 
pyrogiutamic acid n-heptyl ester 
pyrogiutamic acid rt-octyf ester 
pyrogiutamic acid rv-nonyl ester 
pyrogiutamic acid rt-decyl ester 
pyrogiutamic acid rt-urtdecyf ester 
pyrcgiutarmc acid n-dodecyi ester 
pyrogiutamic acid n-tridecyl ester 
pyrogfutamic acid n-tetradcyf ester 
pyrogiutamic acid n-hexadecyi ester 
pyrogiutamic acid n-octadecy! ester 
pyrogiutamic acid n-eicosyi ester 
pyro glutamic acid iso-propy! ester 
pyrogiutamic acid 2-methyinexyi ester 
pyrogiutamic acid 2-ethyihexyi ester 
pyrogiutamic acid 3 J-dimethylocty! ester 
pyrogiutamic acid 2-hexyidecyi ester 
pyrogiutamic acid 2-cctyidcdecy! ester 
pyrogiutamic acid 2,4^-trimetyM-perrtane ester 
pyrogiutamic acid methyioctyi ester, and 
mixtures thereof. 

41, A composition according to ciaim 39, in which the ester of pyrogiutamic acid is chosen from; 
2-|pyrcgiutamoyioxy3-propionteacid 
methyi-2*[pyrc#utamoy!oxy-acetat8 
ethyi-2-{pyrcgiutamoyloxy'3-n-proptonat6 
et h y i ■ 2- [p y • og i utamoy loxy 3-n-buty rasa 
emyi-a-byfcgiutamoyiacyi-iso-butyrate 
et)yi-2-tpyrogfotamoytoxy]-n-vaieraie 
ethyi^fisyrocjiutamoyiQxyJ-n-caproat© 

47 



0 277 428 



9thy(-2-fpyrogfutamoyfoxy]»n-5ieptyiats 

etfiyl-2-tpyroglotamoyloxyJ-rt-capryiafe 

ethy!-2-tpyrogiot3moyloxy}-n-peta»igc}nst8 

ethyf-2-Jpyr<xs!u$3moyioxyj-3-hyriroxybotyra{8 

iSD-propy!-2-[pyrogiotafT5oy:laxy3-n-propiQnat& 

iso-pn^jy!-24pyrogfutamoyloxy3»n-caprytet6 

n-propid-2-CpyrQglutamoy?oxy}-fi-propionat8 

n-prapyt-2-[pyfogiufamoyioxy|-r4.capryjat8 

stearyi-a-Cpyrogiutamoyioxyj-n-propionate 

i2^ydroj«ystearyi-2-[pyrogiutamQytoKy]-n>i5ropfonats 

stsaryl-2-tpyrogiut3moytexy}-f>-stearat» 

pafmifyl-2-£pyrog!utamay!axy3-fii5rop!onate 

itnotey!-2-{pyrogfotamoy§oxy3-ft-propionat8 

itnoieyl-2-[pyregiutamoyioxy3-fi-capry!ats 

iauryi-2-fpyregiutarnoyloxyj-n-capryiate 

stsafyl-2-ipyrogititamoyioxy]-n-capryiate 

giyceryi mono{2*[pyroglutamoyiaxy3-o-propionate) 

giyceryi mono(2n'pyroglutarnoytexy|-n<apry!ate) 

giyceryi di^-Ipyrogiutamoytoxyj-n-prcpionate), 

sod mixtures thereof 

42. A composition according to ciaim 37, in which tile penetration enhancer is chosen from: 
Dimethyl suiphoxide 

N.N-Dimetbyi acetamide 
N,N-Dimethyi formaroida 
2-Pyrroiidone!-Mafhy!-2-pyrro8dooe 
5-Methyi-2-pyrrGlidone 
i ,5-Oimethyl-2-pyfroiidort8 
1 -Ethyi-2-py rroffdone 
Phosphine oxides 
Sugar esters 

Tetrahydrofurfurai aicohol 
Ur©a 

Diethyl-rrHoiuarnkte 

1 -Dodecy iazacy lofieptart-2-one, and 

mixtures thereof. 

43. A composition according to ciaim 37, in which the penetration enhancer comprises an anionic 
surface active agent. 

44. A composition according to claim 43, in which the anionic surface active agent is chosen from: 
metallic or alkanoiamine saifs of fatty adds 

alky! benzene suipbarates 
afkyl sulphates 
aikyi ether sulphates 
sulphosuccinates 
rnonogiycefide sulphates 
isethionates 
methyl taurides 
acyl sarcesinates 
,acyl peptides 
acyl iaciylates 

poiyalkoxyiated ether glycoliatea 
phosphates, and 
mixtures thereof. 

45. A composition according to claim 37, in which the penetration enhancer comprises a catonic surface 
active agent chosen from: 

amine salts 

quaternary ammonium sails, and 
mixtures thereof. 
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46. A composition according to claim 37, in which the peneiraSon enhancer comprises an amphoteric 
surface active agent chosen from: 

imidazoi compounds 
N-alkyiamino acids 
5 betairws, and 

mixtures thereof 

47. A composition according So claim 37. in which the penetration enhancer is chosen from nonionic 
surface active agents. 

48. A composition according to eiaim 47, in which the nenionic surface active agent is chosen from: 
w fatty acid alkanofamides 

esters of polyaicohois 
poiygiyceroi esters 
potyaikoxyiateti compounds 
ethers 
ts ester sthers 

amine oxides, and 
mixtures thereof. 

49. A composition according to any preceding ciaim which is in the form of a iotion, cream, shampoo or 
hair conditioner, 

20 50. The use of a chemical inhibitor chosen from protBogiycanase inhibitors, giycosaminogiyeansse 
Inhibitors, giycosaminoglycsn chain cellular uptake inhibitors and mixtures thereof in the treatment of 
baldness. 

51. A method for inducing, maintaining or increasing hair growth in the human subject which comprises 
applying an effective amount of a composition according to any of claims 1 to 49 to the scalp or hair. 
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